The aim of this study was to examine the influence of three kinds of grain proteins digested by trypsin on plasma glucose and amino acid concentrations in young chickens. At first, we examined the time course change in the absorption of glucose and amino acids from small intestine after oral administration of glucose and amino acid solution. At 0, 20, 40, 60, 80, 100 and 120 min after administration, blood samples were taken from the mesenteric vein, and plasma concentrations of glucose and amino acids were measured. Plasma glucose concentration reached to the highest value at 20 min after oral administration, and this value was remained until 120 min. Most of amino acids were showed the highest concentration at 20 min after oral administration. Secondly, the influence of trypsindigested grain proteins on the absorption of glucose and amino acids from small intestine was examined. Wheat gluten, corn zein and soybean protein were digested by trypsin, and each digested protein was mixed with glucose and amino acid solution. At 20 min after oral administration of mixture solution, blood samples were taken from mesenteric vein. Plasma glucose level was not affected by any protein digesta. The digesta of soybean protein elevated plasma level of histidine compared to that of corn zein. The digesta of wheat gluten increased plasma concentrations of both phenylalanine and proline compared to the control. Thirdly, the interactive effect of glucose and wheat gluten digesta on the absorption of amino acids from small intestine was examined. The increase in the absorption of amino acids by wheat gluten digesta was not influenced by oral administration of glucose. These results suggest that the digesta of grain proteins has the potency to modify the absorption of amino acids from small intestine of chickens.
Introduction
The first finding of food-derived bioactive peptides was reported in 1950, in which casein phosphorylated peptides derived from milk casein enhanced vitamin D-independent bone calcification in rachitic infants (Mellander, 1950) . In 1986, these peptides were identical to CPP (Casein phosphopeptides) that increased the scrubbing efficiency of calcium in the small intestinal lumen by insoluble calcium (Sato et al., 1986) . Later years, the various functional peptides which acted on gastrointestinal internal secretion were reported. Although, the main purpose for identifying these bioactive peptides have been medical uses for therapeutic nutrition so far, the application of these peptides for animal husbandry was limited. In the poultry industry, a massive amount of wheat, corn and soybean were used for poultry feeds, but the information as to peptides derived from these grain proteins on nutrient absorption from small intestine of chickens was limited. Therefore, in the present study, three kinds of grain proteins, i.e. wheat gluten, corn zein and soybean protein, were digested by trypsin, and orally administrated to chickens to examine the influence of trypsindigested grain proteins on the absorption of glucose and amino acids from the small intestine.
Materials and Methods

Experiment 1
In Experiment 1, time course changes in plasma glucose and amino acid concentrations were examined in chickens orally administrated glucose and amino acid mixture solution.
Newly hatched single comb White Leghorn male chicks were purchased from a local hatchery (Koiwai Farm Co., Ltd, Shizukuishi, Iwate, Japan). They were allowed free access to water and commercial chick mash (Toyohashi Feed Mills Co., Ltd. Toyohashi, Japan) for 3 weeks. All birds were raised in a chick brooder (Showa Franki Co., Ltd. Saitama, Japan) and the temperature was kept at 29℃ for the first week and then lowered progressively afterward. At 3 weeks of age, 56 chickens were selected and used for the following experiment.
Glucose and 20 amino acids (alanine, arginine, asparagine, asparatic acid, cysteine, glutamine, glutamic acid, glycine, histidine, isoleucine, leucine, lysine, methionine, tryptophan, phenylalanine, proline, serine, threonine, tyrosine, valine) were dissolved in Dulbecco's phosphate-buffered saline (DPBS, Gibco ® , Life Technologies Japan Ltd., Tokyo, Japan). Final concentrations of glucose and all amino acids were 1.25 M and 10 mM, respectively. After glucose-amino acid mixture solution was passed through a 0.22 μm membrane filter (Millipore Corporation, MA, USA) for sterilization, frozen and stored at −20℃ until used.
After fasting for 16 h, glucose-amino acid mixture solution was administrated into the crop with a stomach tube. Before oral administration, chickens were anesthetized with diethyl ether. At 0, 20, 40, 60, 80, 100 and 120 min after oral administration, blood samples were taken from mesenteric vein. The number of chickens used in each sampling time was 7. Blood samples were placed on ice and then centrifuged at 4℃, 10, 000×g for 20 min. After collecting plasma, it was frozen and stored at −20℃ until analyses. Measurement of plasma glucose was carried out according to the instructions of a commercial kit (Glucose C2 test, Wako, Osaka, Japan). Before measuring amino acid concentrations, plasma samples were mixed with an equal volume of 3% sulfosalicylic acid and stored at 4℃ for 1 h for deproteinization. Then, the samples were centrifuged at 4℃, 10,000×g for 10 min. The supernatant was taken and passed through a 0.22 μm membrane filter. Deproteinized samples were stored at 4℃ overnight. After membrane filtration was repeated, samples were set on an automatic amino acid analyzer (All Automatic Amino Acid Analyzer, JEOL Ltd., Tokyo, Japan).
Experiment 2
In Experiment 2, the influence of trypsin-digested grain proteins on the absorption of glucose and amino acids from small intestine was examined.
Experimental treatments were 3 types of trypsin-digested grain proteins (wheat gluten (Hermann Kröner Gmbh, Ibbenburen, Germany), corn zein (Kobayashi Perfumery Co., Ltd, Tokyo, Japan) and soybean protein (Fuji Oil Co., Ltd, Osaka, Japan)) and DPBS as a control. Amino acid composition was represented in Table 1 . One g of either wheat gluten, corn zein or soy bean protein was weighted and added 20 mL of 0.5% trypsin solution. After shaken at 37℃ for 20 h until making proteins become clear suspension, samples were boiled for 20 min to inactive trypsin and chilled for 10 min in cold water. After passed through a 0.22 μm membrane filter, they were frozen and stored at −20℃. The grain protein digesta and glucose-amino acid solution were mixed at 1:1. As a control, DPBS and glucose-amino acid solution were mixed at 1:1. Final concentrations of glucose and amino acids were 1.25 M and 5 mM, respectively. Six chickens in each treatment were orally administrated the mixture of trypsin-digested grain protein and glucose-amino acid solution. The volume of mixture solution administrated to chickens was 1 mL. At 20 min after oral administration, blood samples were taken from mesenteric vein. The number of chickens used in each treatment was 6. All procedures except for the above treatment were similar to those shown in Experiment 1.
Experiment 3
In Experiment 3, the interaction between trypsin-digested wheat gluten and glucose on the absorption of glucose and amino acids from small intestine was examined.
Four treatments were set as follows; 1) Wheat gluten digesta and glucose-amino acid solution. 2) Wheat gluten digesta and amino acid solution. 3) DPBS and glucoseamino acid solution. 4) DPBS and amino acid solution. The number of chickens used in each treatment was 7. All procedures except for the above treatment were described in Experiment 2.
Statistical Analysis
Results are expressed as means±SE. In Experiments 1 and 2, statistical analysis of data was performed by one-way ANOVA and Tukey's HSD test for multiple comparisons (P ＜0.05) using the General Linear Model Procedures of SAS (SAS/STAT version 6) (SAS Institute, 1999) . In Experiment 3, statistical analysis of data was performed by twoway factorial ANOVA and Tukey's HSD test for multiple comparisons (P＜0.05).
Results
Experiment 1
Time course change in plasma glucose concentration in young chickens orally administrated with glucose-amino acid solution is shown in Fig. 1 . At 20 min after administration, plasma glucose level reached to the maximum value and it was maintained until 120 min after administration.
Significant changes in amino acid concentrations in the plasma were observed in alanine, arginine, asparatic acid, cystine, glycine, histidine, isoleucine, leucine, metionine, phenylalanine, proline, threonine, tryptophan, tyrosine and valine (Table 2) . Plasma concentrations of alanine, histidine, methionine, phenylalanine and tryptophan significantly increased at 20 min after oral administration. Thereafter, methionine and phenylalanine declined between 20 and 40 min. The increase in alanine, histidine and tryptophan was maintained until 120 min after oral administration.
Experiment 2
Plasma glucose concentrations of chickens orally administrated with the mixture of trypsin-digested grain protein and glucose-amino acid solution are shown in Fig. 2 . Although plasma glucose levels elevated after 20 min of oral administration, there were no significant influence of various trypsin-digested grain proteins.
The influence of various trypsin-digested grain proteins on the absorption of amino acids from small intestine is shown in Table 3 . When chickens were administrated trypsindigested wheat gluten, plasma phenylalanine and proline levels were significantly higher than that of the control group. The plasma histidine level in the trypsin-digested soy bean protein group was the highest of all.
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Experiment 3
There was no interaction between glucose and trypsindigested wheat gluten digesta on the absorption of glucose from small intestine. When chickens were orally administrated with glucose solution regardless of the presence of trypsin-digested wheat gluten, plasma glucose level was significantly higher than that of birds given trypsin-digested wheat gluten alone (data not shown).
The influence of glucose and trypsin-digested wheat gluten on the absorption of amino acids from small intestine is shown in Table 4 . The interaction between glucose and trypsin-digested wheat gluten was not detected. When chickens were administrated trypsin-digested wheat gluten, plasma levels of asparagine, glutamine, phenylalanine and proline were significantly higher than that of the control group.
Discussion
Time Course Change in Plasma Glucose and Amino Acid Concentrations
Nutrients absorbed from small intestine go through the mesenteric vein and the portal vein to reach the largest visceral organ, liver. It has been well known that liver has the various physiological and biochemical functions relating to amino acid metabolism (i.e. amino acid synthesis, amino acid oxidation, etc.), protein turnover (i.e. protein synthesis, Ito (Ballé and Jungermann, 1986; Mortimore et al., 1988; Gardemann et al., 1992) . In the present study, to minimize the influence of hepatic metabolism of nutrients, blood samples were derived from mesenteric vein to directly determine the change in plasma nutrient concentrations after oral administration of nutrients. As represented in Fig. 1 and Table 2 , plasma glucose, alanine, histidine, and tryptophan concentration increased at 20 min after oral administration of glucose-amino acids mixture solution and it was maintained until 120 min after administration. This result was consistent with the case of blood sampling from portal vein of rats on glucose tolerance test (Matsuura et al., 2004) . In this report, glucose level once rose after oral glucose administration was maintained until 60 min after administration. As shown in Table 2 , like glucose, most of amino acids elevated at 20 min after oral administration of amino acids. As it was well known that sodium-dependent glucose transporter is the main transporter of glucose in small intestine (Hediger and Rhoads, 1994) , several amino acid transporters (e.g. PAT1 (proline, glycine and alanine transporter), EAAT3 (glutamic acid and asparatc acid transporter), B 0 AT1 (neutral amino acids transporter), etc.) were isolated from small intestine of chickens (Bröer et al., 2008a) . Table 2 did not represent the obvious relation of nutrient transporters to the change in plasma nutrient concentrations, this issue should be elucidated in the future. As shown in Table 2 , plasma concentrations of alanine, histidine and tryptophan was maintained at the high level until 120 min after oral administration, which might be resulted from the lower rate of metabolism and/or the higher rate of intestinal incorporation of these amino acids. As the rates of metabolism and/or intestinal incorporation of these amino acids have not been measured, the further investigation will be expected.
Influence of Trypsin Digesta of Grain Protein on the Absorption of Nutrients from Small Intestine
Although zein is known to be a corn indigestible protein, it was reported that corn zein hydrolyzated by papain had the potency to suppress the elevation of blood glucose levels (Hirata et al., 2009; Mochida et al., 2010) . In the present study, corn, zein digested by trypsin didn't suppress the rise in blood glucose after oral administration of glucose. The discrepancy might be resulted by the difference in digestive enzymes, papain and trypsin.
As represented in Fig. 2 , any of trypsin-digested grain proteins did not affect plasma glucose concentrations. On the other hand, plasma concentrations of phenylalanine and proline of chickens given wheat gluten digesta were significantly higher than those in the control group (Table 3) . The effect of trypsin-digested wheat gluten on the absorption of phenylalanine and proline was confirmed in the following experiment (Table 4) . Gilbert et al. (2008) reported that the abundance of PepT1 (peptide transporter 1) and EAAT3 (excitatory amino acid transporter 3) mRNA in the small intestine of broilers which were genetically selected by feeding a wheat-based diet was greater than that selected by feeding a corn-and soy-based diet. This result suggests that wheat gluten digested by digestive enzymes could enhance the gene expression of amino acid transporters. Recently, Bröer (2008b) summarized the physiological characteristics of amino acid transporters, in which phenylalanine can be incorporated by L-type amino acid transporter (LAT1, SLC3A2; LAT3, SLC43A1; LAT4, SLC43A2) and proline can by incorporated by several types of amino acid transporters (i.e. amino acid transporter cationic 2 (SNAT2, SLC 38A2), neutral amino acid transporter (B(0)AT1, SLC6A19), IMINO (SLC6A20), proton-coupled amino acid transporter 1 (PAT1, SLC36A1) and proton-coupled amino acid transporter 2 (PAT 2, SLC36A2)). In the chickens, cDNA sequences of LAT4 (SLC43A2, BenBank Accession XM_415803. 3), SNAT2 (SLC38A2, GenBank Accession NM_001030741.1), B(0)AT1 (SLC6A19, GenBank Accession XM_419056.3), IMINO (SLC6A20, GenBank Accession XM_418798. 2), PAT1 (SLC36A1; GenBank Accession XM_001233581. 2) and PAT4 (SLC36A4; GenBank Accession XM_417200.3) were cloned or predicted. But the influence of trypsindigested wheat gluten on the expression of the above genes has not been investigated so far. In near future, we need to investigate the mechanism of peptide derived from wheat gluten to promote the absorption of amino acids in the small intestine.
